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Supplementary Materials and Methods
Patient tumor sample analysis cBioPortal (50) was used to extract clinical information and expression values of DOT1L in BC patients, considering two specific datasets: METABRIC and TCGA Provisional. Overall Survival (OS) and Relapse Free Survival (RFS) curves were generated using the web tool Kaplan-Meier Plotter (51) selecting ER+ BC samples, splitting the patients by upper quartile values and appliying log-rank test. For RFS the "endocrine therapy cohorts" was selected in addition.
Cell Lines
All cell lines were cultured according ATCC and ECACC reccomandations. MCF-7-Tam1, BT-474-Tam1 and BT-474-Tam1, T-47D-Tam1, T-47D-Tam2, ZR-75.1-Tam1 and ZR-75.1-Tam2 were kindly provided by Dr Sara Kangaspeska, Institute for Molecular Medicine, University of Helsinki. All tamoxifen resistant cells including LCC2 were supplemented with 1 µM 4 hydroxytamoxifen (4-OH TAM) (Sigma-Aldrich). MCF-7/182 R -6 cells were supplemented with 100 nM fulvestrant (ICI 182, 780, . Cell lines were authenticated by short tandem repeat profiling and routinely tested for mycoplasma contamination.
Chromatin Immunoprecipitation, mass spectrometry and data analysis
For ChIP-MS first 100 µl of equilibrated Dynabeads M-280 Sheep Anti-Rabbit IgG (Thermo Fisher Scientific) were incubated overnight at 4°C with 20 µg of the antibodies chosen for immunoprecipitations: ERα, DOT1L Antibody and Rabbit IgG Isotype Control (Thermo Fisher) as a negative control. For each experimental point 6×10 7 MCF-7 cells were used. Nuclear fractions obtained as described in (18) were added to 100 μl of antibody pre-bound beads and immunoprecipitation was conducted overnight at 4°C. Beads were washed as already described (36) and resuspended with 100 µl of 100 mM ammonium bicarbonate before tryptic digestion, LC-MS/MS and data analysis. Three biological replicates for each condition were analysed. Analysis followed two steps: all proteins identified in the combination of the three IgG control biological replicates, using Mascot 2.5 search engine via Proteome Discoverer 2.1, were discarded to identify the ERα and DOT1L molecular partners (most robust interactors). To recover additional potential ERα and DOT1L chromatin interactors, MaxQuant intensities were used and the proteins showing a fold-change greater than 1.4 in ERα and DOT1L samples compared to IgG controls were included in the list (lenient interactors).
DOT1L and ERα deletion mutants transfection
For ERα-DOT1L interaction domain identification, 15x10 6 MDA-MB-231 cells were seeded in 150-mm plates and transfected by using 110 μg of polyethylenimine (Polysciences, Inc., Eppelheim, Germany). 35 μg of total DNA were used for each experimental point combining the hDOT1L plasmid (RC218547, OriGene) and one of the following hERα expression vectors: hERα full length (1-595 aa), , , HE-15 (1-282 aa), A/B domain (1-180 aa).
Co-Immunoprecipitation
For ERα and DOT1L immunoprecipitations, 35 µl of equilibrated Dynabeads M-280 Sheep AntiRabbit IgG (Thermo Fisher Scientific) were conjugated overnight at 4°C, respectively, with 2µg of anti-ER, anti-DOT1L and Rabbit IgG Isotype Control. Immunoprecipitation was performed by incubating conjugated beads/antibodies at 4°C for 1 hour with 500 µg of nuclear protein extracts.
After binding, beads were sequentially washed as previously described (17). For ERα-DOT1L interaction domain identification and for ERβ-DOT1L interaction, co-immunoprecipitations were carried out, as described above, using the anti-DOT1L antibody and IgG-Sepharose 6 Fast Flow (GE Healthcare) respectively.
Cell Proliferation, Cell Cycle and Annexin V Assays
For cell proliferation assays absorbance was measured at 570 and 620 nm (background)
wavelengths by using a VICTOR Multilabel Plate Reader (PerkinElmer). For cell cycle analysis data were processed using the software ModFit LT™ (version 5.0), for cell cycle progression, and BD FACSuite software for sub-G1 (apoptosis) detection. 
ChIP-qPCR
The ChIP procedure was performed following the protocol described in the manuscript, using the following antibodies: anti-H3K4me3, anti-H3K9me3, anti-H3K27me3, anti-ERα and anti-DOT1L. For ChIP-qPCR, 2 ng of DNA were used to amplify ESR1 promoter region with the following specific primers: FBS, 1% penicillin/streptomycin and 1% L-glutamine, and medium was changed every 2 nd -3 rd day.
-Compound treatments in organotypic 3D cultures: All experiments were performed in triplicate wells. Cells were treated with increasing concentration of EPZ00477 (2µM, 4µM, 8µM, 16µM).
DMSO was used as vehicle control. Compound treatments were initiated after 5 days of 3D culture, when significant organoids had formed, and continued for additional 9 days. The medium and compounds were refreshed every 3 days. -Morphometric analysis of tumor organoids. Tumor organoids in maximum intensity projections were segmented using the AMIDA software (25). In summary, AMIDA is a multi-parametric image analysis program designed for high-content analysis of complex and heterogeneous 3D organoid cultures. The software first identifies individual multicellular structures by image segmentation, and assigns numerical values for selected cancer-relevant parameters to the objects; these were then exported as a text file (csv; comma-separated values). The parameters analysed were "Area", "DensityR", "Roundness" and "Max Appendage".
-Confocal data annotation and quality control. Raw numerical data were statistically processed and visualized with R/Bioconductor. Statistical analysis and plotting tools implemented for processing numerical data (post-image analysis) were written using R, an open source programming language and software environment for statistical computing and graphics (http://cran.r-project.org). All Rscripts were incorporated in REX, an in-house html-software environment that includes a browserbased user interface.
Xenograft Experiments
-Generation of luciferase expression cell lines by Lentiviral Transduction. For MCF-7 and LCC2 cells 500,000 mammalian cells were seeded in complete medium into 6 well-plate and the day after the medium was replaced with 3ml of fresh complete medium containing hexadimethrine bromide (polybrene) at a final concentration of 4 ug/ml. Viral transduction and clones selection was performed as previously (36). The expression of luciferase in the expanded puromycin resistant cells was assessed with the Luciferase assay Systems (E1500, Promega).
-Xenograft experiments. NOD-SCID mice were Mice were housed in IVC cages, under constant conditions of temperature (22±2°C), humidity (55%±10 UR) and light/dark cycle of 12/12 hours.
-Histone and protein extraction from Xenograft. 20 mg of tissue treated with EPZ00477 or vehicle was cut and lysed in 300-500 µl of proper lysis buffer and homogenized using TissueLyser II 
